› Background: It is unclear what influence stress factors have on joint loading in weightlifting. The aim of this study was to show how barbell weight and repetition affect the joint loading on the ankle, knee and hip in order to estimate the strain on the corresponding joint actuators. › Methods: Six male weightlifters underwent a test with snatch pulls. For the analysis, the 85% and 110% weight stage (1RM Snatch=100%) and the first and fourth repetitions with 100% weight were used. The joint loading was measured using inverse dynamics. Statistical analysis was based on t-test and effect size. › results: An increased weight on the barbell only leads to higher NJM impulse in the ankle (p = 0.013; d=1.47; very likely positive) and hip (p=0.010; d=1.78; very likely positive). The NJM impulse for the knee was not affected by barbell weight. An increased number of repetitions at 100% weight only reduced the NJM work at the ankle (p=0.000; d=-4.61; most likely negative). › Discussion: The stress on individual joints depends on barbell weight and repetition. It can be assumed that this altered stress influences how joint actuators are strained and what local training effect is obtained. Submaximal barbell weights with higher repetition rates are recommended for straining the knee joint actuators, while higher weights are necessary for exerting the ankle and hip joint actuators. 
Introduction
In order to achieve a good lift, the athlete must exert force on the barbell, thus accelerating it to the necessary vertical velocity. If the goal is to lift heavier weights, the force on the barbell has to increase. Training that induces internal strain on the neuromuscular system based on external stress factors is necessary in order to achieve a neuromuscular response and as a result an increased force output (13, 22) . With relation to this, the training focus is to strain the muscles that are responsible for the motion in major joints that are used in the desired task (2) . Calculation of net joint moments (NJM) as joint loading (stress) is a feasible approach for estimating the strain on the corresponding joint actuators (all muscles or groups of muscles which can generate a movement DEUTSCHE ZEiTSCHriFT FÜr SPOrTMEDiZin 69. Jahrgang 9/2018
Joint Loading in Weightlifting in a joint are denoted as joint actuators) (1). In an idealized instance, the measured NJM will reflect the muscular activity (strain) of the operating muscles / groups of muscles, by means of which a potential training effect can then be estimated (6, 21) .
In the general training process of weightlifters it can be assumed that, when carrying out the same exercise, the varying stress factors will put an identical amount of strain on all the joint actuators involved. This assumption is not entirely correct. By using a NJM analysis in back squats Farris, Field, Lichtwark, Brown & Cresswell (11) and Flanagan & Salem (12) confirmed that an increased barbell weight only leads to higher NJM in the ankle and hip, whereas the NJM in the knee joint does not increase. Similar results have already been demonstrated in initial approaches for weightlifting exercises (snatch, clean) (3, 10, 17) .
Problem and Aim
In weightlifting, the snatch pull exercise is used to develop specific speed-strength qualities for the acceleration phase of the snatch (competition exercise). It is unclear how stress factors affect NJM in the lower extremities in this exercise.
It is the aim of this study to examine how barbell weight and repetitions influence NJM in the ankle, knee and hip in snatch pull. The results will help to objectify the strain on these joint actuators and to estimate possible training effects.
Material and Method

Athletes and Test
Six out of ten male elite weightlifters from the German national junior squad participated in this study (age: 22.3±2.3 years; body weight: 83.5±11.4 kg; body height: 1.72±0.06 m). All athletes executed the snatch pull with one repetition at six weight stages from 85-110% of their personal best in snatch (=100%). In addition, they were required to lift the 100% weight with a set of four repetitions.
Data Recording and Analysis
The calculation of NJM for ankle, knee and hip were made using an inverse dynamic 2D-model (19, 24) . For this model the following input parameters were used: 1) ground reaction forces (force plate PF1-2001, IAT, 500 Hz), 2) digitized body movement (two fixed and synchronized HDV-Camcorder, Canon XH-G1, 50 Hz; digitization via Mess3D, IAT) and 3) dynamic model properties ( Fig. 1) (9, 24) . The snatch pull was split into 1 st pull, transition, and 2 nd pull based on alterations of the knee joint angle during the lift (14) . For statistical analysis, only the 1 st pull and the 2 nd pull were used with the weight stages of 85% and 110%, as well as the 1 st and the 4 th repetition with 100%. According to Flanagan & Salem (12) we used NJM impulse (positive area under the NJM time-curve; dynamic load) and NJM work (positive area under the NJM-power time-curve; energetic load) as derivatives of NJM to estimate the strain on the corresponding joint actuators. All data are reported relative to body weight.
The statistical analyses were carried out using IBM SPSS 19 (IBM Corp., Armonk, NY, USA) and a Microsoft Excel spreadsheet from Hopkins (15) . A t-test for paired samples was used for pairwise comparisons (α=5%).
To rate the practical significance, Cohen´s d effect size ±90% confidence limits (CL) were calculated (thresholds for d: 0.2-trivial; 0.6-small; 1.2-moderate; 2.0-large; 4.0-extremely large) (16) . Moreover, the qualitative assessment of the percentage chance of a true practical effect (positive, trivial, negative) was based on the following scale: <0.5%-most unlikely; 0.5-5%-very unlikely; 5-25%-unlikely; 25-75%-possibly; 75-95%-likely; 95-99.5%-very likely; 99.5-100% most likely (16) . In the case that the chances of both positive and negative effect were >5%, the effect was deemed unclear (16) (Tab. 1).
Results
Influence of Barbell Weight
An increased barbell weight leads to a significant alteration in NJM impulse for the ankle (p=0.013; d=1.47; very likely positive) and hip (p=0.010; d=1.78; very likely positive) in the 1st pull (Fig. 2) . For the 2 nd pull, only the NJM impulse in the hip changed in response to the increased barbell weight (p=0.015; d=1.12; very likely positive). In both pull phases, the NJM impulse for the knee is unchanged.
Concerning the NJM work, the increased barbell weight does not have a significant effect on the energetic load of the ankle or hip, neither in the 1 st pull nor the 2 nd pull (Fig. 3 ). In the 2 nd pull, the increased barbell weight leads to a slight decrease in NJM work (p=0.053; d=-0.64; possibly negative) for the knee.
Influence of Repetition
In contrast to increased barbell weight, the number of repetitions does not have any influence on NJM impulse for the ankle and hip in the 1 st pull. Instead, there is a significant change in NJM impulse in the 1 st pull for the knee (p=0.046; d=0.71; possibly positive) (Fig. 2) . There are no significant changes in NJM impulse in the 2 nd pull for any joint.
Concerning the NJM work, there is a significant change in the 1 st pull for the ankle (p=0.000; d=-4.61; most likely negative) (Fig. 3) . The energetic load for the knee and hip is unchanged. In the 2 nd pull there is again only a significant change for the ankle (p=0.001; d=-1.95; very likely negative), with no changes for the knee and hip. 
Gelenkbelastung im Gewichtheben
Discussion
This study confirmed results from other investigations. In snatch pulls, an increased barbell weight leads to a higher NJM impulse (dynamic stress) in the ankle and hip, while the NJM impulse in the knee is unchanged. However, an increased barbell weight only has a minor influence on the energetic stress (NJM work) on the joints of the lower extremities. Based on these findings, it can also be assumed that the dynamic strain increased on the joint actuators of the ankle and the hip. In this case, the increased strain on the joint actuators of the ankle and the hip leads to a different training effect in comparison to the unchanged strain on the knee joint actuators.
The reason for the altered joint loading when increasing the barbell weight in snatch pull is due to modified movement coordination. With lighter weights, snatch pull is executed by means of a leg lift (synchronous extension of knee joint angle and hip joint angle and a parallel shift of the back), whilst with heavier weights the leg lift becomes a back lift (extension of knee joint angle precedes the extension of the hip joint angle with a forward-tilting back) (19) . These kinds of changes in movement coordination are classified as a balance strategy (8, 18, 20, 23) . It can be assumed that the back lift is a more advantageous lifting strategy for heavy weights due to the more favorable working conditions for the hip joint actuators (hamstrings) (7) .
This study demonstrates for the first time that the number of repetitions have an influence on joint loading. With increasing repetitions, there is a decrease in NJM work at the ankle, while the NJM work at the knee and hip remains unchanged.
Results of statistical analyses for impulse and work in the 1 st pull and the 2 nd pull at the two weight stages (weight 85% and weight 110%) and two repetition stages (rep 1 and rep 4) in snatch pull (see method section for further explanations). Table 1 Figure 2 Influence of repetition (left) and barbell weight (right) on NJM impulse for the 1 st pull (A) and 2 nd pull (B) in snatch pull (gray=individual response, black=arithmetic mean) It is assumed that by doing snatch pulls with medium weights and higher repetitions, the energetic strain for knee and hip joint actuators do not change, despite decreasing joint angle velocities (data not depicted). Therefore, when using more repetitions with lighter weights, it is expected that the joint actuators of the knee and hip adapt in a different way in comparison to the joint actuators of the ankle. A possible explanation for the decrease of ankle NJM work is a local fatigue effect (4).
1ST
The results show that different stress factors in strength training can modify how joint actuators are trained (dynamic vs. energetic load) and therefore determine which local training effect arises. This approach can provide a differentiated view when planning a training process in weightlifting or strength training in general. Not only the exercise itself is responsible for which joint actuators are being trained, but the composition of weights and repetitions can hypothetically shift the training effect at the joint level too. In a specific case of snatch pulls, the following scenario is conceivable: in order to strengthen the knee joint actuators (extension), submaximal weights (≤100% snatch) with more repetitions are sufficient. If the goal is to strengthen the ankle and hip joint actuators (extension), >100% weights are preferred. Depending on the requirements to improve the performance of the competition exercise -focus on a more powerful knee joint actuator for instance -the training process should not be focused on the general use of heavier and heavier weights for a specific exercise. Training should instead be focused on a weight-repetition design for a desired exercise targeted towards improving the weak link in the chain and thus improving competition performance.
Limitations of the study are the small sample size and the stressstrain-model that has not been validated until now. It is not entirely clear if NJM and their derivatives (impulse, work) are adequate measures from which to derive the strain of joint actuators in a lifting movement (5, 23) . In addition, the results of this study confirmed that changes in joint loading in response to stress factors are highly individual. Therefore it is advisable to carry out a single case analysis when making individual recommendations on how to train specific joint actuators.
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